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a  b  s  t  r  a  c  t
Dermatobia  hominis  is  an  ectoparasite  that  infests  various  species  of mammals,  including  cattle,  impairing
the quality  of cowhides  and leather.  After  observing  natural  infestation  with  D. hominis  larvae  in cattle
on  two  farms  in  the state  of  São  Paulo,  Brazil,  we  evaluated  the  efﬁcacy  of  two  macrocyclic  lactones,
ivermectin  and  moxidectin,  against  this  parasite.  The  drugs  were  administered  to  10  animals  in  each
group,  following  the  manufacturer’s  instructions.  The  groups  were:  Group  1–treated  with  ivermectin
(0.2  mg/kg  of  body  weight  (BW));  Group  2–treated  with  moxidectin  (0.2 mg/kg  BW);  and  Group 3–control
(untreated).  On  the farm  in  Pardinho,  a total  of 12  and  16  live  larvae  were  found  in  6 and  in  8  animals
10  days  after  the  treatment  with  ivermectin  and  moxidectin,  respectively,  while  in  the  control  group  4
bovines  had  a total  of 7 live  larvae.  On  the farm  in Anhembi,  2,  4  and 6  live  larvae  were extracted  from
ivermectin,  moxidectin  and  control  groups,  respectively,  after  the treatment.  This  is  the  ﬁrst  report  of  the
presence  of live  D. hominis  larvae  after  the treatment  of cattle  with  ivermectin  and  moxidectin  in Brazil.
©  2015  Elsevier  B.V.  All  rights  reserved.
1. Introduction
Dermatobia hominis is an ectoparasite that affects several mam-
mal  species, such as pigs, goats, dogs, cats, humans (Silva-Junior
et al., 1998), sheep (Madeira et al., 2000), rabbits (Verocai et al.,
2009), cattle (Silva et al., 2010), and sometimes horses (Daemon and
Prata, 1997). This ectoparasite, which also parasitizes humans (Hu
et al., 2013), occurs from the southern North America to southern
Argentina (Hill and Connelly, 2011).
During ﬂight, D. hominis adult ﬂies capture phoretic ﬂies, upon
whose ventral abdominal region they deposit 4–52 eggs (Gomes
et al., 2002; Maia and Gomes, 1988). There are reports of 46 differ-
ent vectors, including mosquitoes, ﬂies and ticks (Guimarães et al.,
1983).
After 4–6 days of incubation, a ﬁrst instar larvae is formed inside
the egg (Barbosa et al., 2002). The larvae actively penetrate the
host’s skin and begin their development in the subcutaneous tissue
(Leite et al., 1999).
In experimental infestations of D. hominis in cattle, it was
observed that, in the initial days after infestation, the holes in the
skin that enable the larvae to breath are practically imperceptible,
but 7 days after infestation, nodules become visible in the subcuta-
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neous tissue. At around day 14 post-infestation, the larvae molt into
the second larval stage (L2) and nodules are approximately 1 cm in
size. The nodules progressively increase in size, reaching 2–3 cm
in diameter by 30 days post-infestation. At this point, exudate is
eliminated through the hole through which the L3 larvae breathe.
Between day 33 and 42 post-infestation, L3 larvae complete their
development and begin to leave the host (Barbosa et al., 2002).
Although some studies report losses resulting from combined
(simultaneous) parasitism by the gastrointestinal nematodes,
Haematobia irritans, Rhipicephalus microplus and D. hominis
(Bianchin et al., 2007; Netto et al., 2006), the major ﬁnancial loss
caused by D. hominis infestations is the decrease in leather qual-
ity due to perforations (Gomes, 2002; Marques et al., 2000). Today,
leather is the second largest export product of the Brazilian cattle
industry, generating annual revenues of over 2.48 billion dollars
(ANUALPEC, 2013). However, about 40% of the leather produced in
Brazil has low commercial value due to injuries caused by ectopar-
asite infestations, and 89% of the leather produced in the states of
Mato Grosso, Minas Gerais, Rio de Janeiro and Sao Paulo States has
perforations caused by D. hominis (Gomes, 2002).
In Brazil, endoparasite and ectoparasite infestations in cattle
are controlled mainly with drugs, especially with the macrocyclic
lactone class of endectocides. However, there have been frequent
reports of anthelmintic resistance (Neves et al., 2014), and also
reports of R. microplus (Reck et al., 2014) and Cochliomyia hominivo-
rax (Lopes et al., 2013) resistance to treatment with macrocyclic
http://dx.doi.org/10.1016/j.vetpar.2015.06.029
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lactones. This paper describes, for the ﬁrst time, the presence of
live D. hominis larvae after the treatment of cattle with ivermectin
and moxidectin in Brazil.
2. Materials and methods
This work was developed in accordance with the ethical prin-
ciples of animal experimentation and was approved by the Ethics
Committee on Animal Use of the School of Veterinary Medicine
and Animal Science of UNESP at Botucatu (Protocol 44/2012/CEUA-
FMVZ).
2.1. Cattle herds and management
In February and March 2013, during an experiment conducted
to evaluate anthelmintic resistance in cattle (Neves et al., 2014),
we observed, by visual inspection, that most of the animals of two
farms were presenting the typical lesions on skin caused by D.
hominis infestation. For this reason, we decided to also evaluate
the efﬁcacy of macrocyclic lactones against D. hominis larvae in the
cattle on those farms; one located in the municipality of Pardinho
and one in the municipality Anhembi, both in the state of São Paulo,
Brazil.
The animals of the farm in Pardinho were Holstein heifers, with a
mean age (±standard deviation) of 12.5 ± 3.92 months. The animals
of the farm in Anhembi were Nellore male calves, with a mean age
of 8.26 ± 0.66 months.
2.2. Experimental procedure
The animals were weighed and separated into groups in order
to evaluate the efﬁcacy of anthelmintics (Neves et al., 2014). The
drugs were administered to 10 animals in each group, given by
subcutaneous injection following the manufacturer’s instructions.
The groups were: Group 1–treated with ivermectin (0.2 mg/kg of
body weight (BW), Ivomec®, Merial, Brazil); Group 2–treated with
moxidectin (0.2 mg/kg BW,  Cydectin®, Fort Dodge, Brazil); Group
3–control (untreated).
2.3. Physical examination of the animals
Ten days after the drugs were administered, the animals were
immobilized for a visual inspection and palpation of all the nod-
ules over their entire bodies. The larvae were extracted by manual
compression of the nodules, and checked to determine if they were
moving, i.e., live, as recommended by the World Association for
the Advancement of Veterinary Parasitology (WAAVP) (Holdsworth
et al., 2006). These procedures were photographed and ﬁlmed. The
manual compression of the nodules was not performed on the day
of the treatment to avoid damaging or killing the larvae, which
could cause confusion with the efﬁcacy of the drug treatment.
2.4. Statistical analysis
The efﬁcacy was calculated according to the following formula:
100 × [(C–T)/C], to determine the geometric mean parasite density
of the treated (T) and control (C) animals. For a therapeutic claim
a reduction of larvae counts should be at least 90%, calculated by
Abbott’s formula (Abbott, 1925) to compare treated and control
animal groups (Holdsworth et al., 2006).
Fig. 1. Musca domestica carrying Dermatobia hominis eggs in the lateral–ventral
region of the abdomen. Red circles indicate characteristic structures of Musca domes-
tica.  (For interpretation of the references to colour in this ﬁgure legend, the reader
is  referred to the web  version of this article.)
3. Results
3.1. History of use and criteria for the choice of anthelmintics
The manager of the farm in Pardinho reported that the body
weight of the animals was recorded prior to the administration
of endectocides in order to determine the correct dosage of the
drugs, according to manufacturer’s recommendation. Ivermectin,
abamectin or doramectin were administered six times per year.
The manager also reported that he had administered a combination
of pour-on abamectin + ﬂuazuron (3.0 mg/kg ﬂuazuron + 0.5 mg/kg
Abamectin, Fluatac Duo®, Ouro Fino, Brazil) about 60 days prior to
the experiment.
The owner of the farm in Anhembi reported that the calculation
of the dosage of endectocides was based on a visual estimate of the
animals’ body weight. Ivermectin or moxidectin were administered
3 times a year. In addition, Fentione (15 mg/kg; Tiguvon® 15 Spot-
On®, Bayer Animal Health, Brazil) was applied to control D. hominis
whenever the parasite was detected visually.
3.2. Capture of a dipterous vector
During the collection of data in the farm in Pardinho, large num-
bers of ﬂies were observed in the environment and on the animals.
In addition a ﬂy bearing eggs of D. hominis was  captured and placed
in a jar with a lid. The specimen, which was  identiﬁed as Musca
domestica based on its morphological wing and antenna structures,
was carrying 24 eggs of D. hominis attached to the lateral-ventral
region of its abdomen (Fig. 1).
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Table  1
Number of Dermatobia hominis larvae in cattle 10 days after treatment with ivermectin or moxidectin.
Number of larvae No. of cattle – Pardinho farm No. of cattle – Anhembi farm
Ivermectin Moxidectin Control Ivermectin Moxidectin Control
0 4 2 6 8 9 8
1  3 5 2 2 0 0
2  1 2 1 0 0 1
3  1 0 1 0 0 0
4  1 0 0 0 1 1
7  0 1 0 0 0 0
Mean 1.20 1.60 0.70 0.20 0.40 0.60
Standard Deviation 1.40 2.01 1.06 0.42 1.26 1.35
Standard Error 0.44 0.64 0.33 0.13 0.40 0.43
Efﬁcacy (%) NS NS – 67 33 –
NS = larvae count of the treated group was higher than that of the control group (i.e., zero efﬁcacy). Ten animals per group were examined on each farm.
Fig. 2. Extraction of live Dermatobia hominis larvae from the subcutaneous tissue of
cattle 10 days after the administration of injectable ivermectin.
3.3. Efﬁcacy against Dermatobia hominis
The efﬁcacy of moxidectin and ivermectin on the farm in Par-
dinho was zero (Table 1), i.e., the count of viable larvae (Fig. 2)
recovered from the groups treated with moxidectin or ivermectin
was higher than in the control group. At this farm, 3 bovines
showed one live larvae, while other 3 animals presented two,
three or four live larvae, after treatment with ivermectin (Table 1).
Of the 10 animals treated with moxidectin, eight had live lar-
vae: ﬁve animals with one larvae; two animals with two  larvae;
and one bovine with seven larvae. In the control group 4 bovines
had a total of 7 live larvae (Table 1). On the farm in Anhembi,
the degree of infestation was lower: 2, 4 and 6 live larvae were
extracted from cattle of the ivermectin, moxidectin and control
groups, respectively, corresponding to an efﬁcacy of 67% and 33%
(Table 1).
4. Discussion
Despite the relatively small number of larvae parasitizing the
animals, several larvae were found to have survived the treatment.
The efﬁcacy of ivermectin in cattle infested with D. hominis is con-
sidered very high, with reports of 100% efﬁcacy 7–10 days post
treatment (Inforzato et al., 2008; Oliveira-Sequeira et al., 2014).
Therefore, this is the ﬁrst study in which live D. hominis larvae was
found after treatment of cattle with ivermectin.
The effectiveness of moxidectin to control D. hominis was also
low. However, this anthelmintic does not have a registered state-
ment of effectiveness against D. hominis, although it does against
Hypoderma sp., which is a parasite not found in Brazil.
The resistance of D. hominis to ivermectin is a very impor-
tant issue because this drug is used extensively on Brazilian cattle
(Neves et al., 2014). It is assumed that, with the continued use of
the product, resistance to it will spread across the country, with
negative consequences to the leather industry.
The diptera (M. domestica)  that was  carrying the eggs of D.  homi-
nis has already been described as a vector in the state of Minas
Gerais (Rodríguez and Leite, 1997). However, this is the ﬁrst time
M. domestica was found bearing eggs of D. hominis in the state of
São Paulo. It should be noted that M. domestica is a synanthropic
ﬂy that occurs abundantly throughout the state of São Paulo and,
according to Monteiro and Prado (2000), it can be found all year
round.
5. Conclusion
This is the ﬁrst report of live D. hominis larvae found after the
treatment of cattle with macrocyclic lactone (ivermectin), indicat-
ing development of resistance in such species.
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